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1
PRESSURE RELIEFK VALVE

FOREIGN PRIORITY

This application claims priority to European Patent Appli-
cation No. 17204962.9 filed Dec. 1, 2017, the entire contents
of which 1s mcorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to the field of high accuracy
pressure relief valves such as those which may be used in
aircraft such as anti-ice valves. The valves may also be for
other uses.

BACKGROUND

Pressure relief valves are often used to regulate the output
pressure on engine anti-ice valves (or other equivalent
functions). In order to function properly 1n such environ-
ments they are required to provide a very stable regulation
over a wide range of environmental conditions throughout
their life.

In current valve designs, when used 1n combination with
specific operative conditions, known valves have been
known to produce spurious undesired phenomena such as
oscillations, hysteresis and loss of calibration. Such phe-
nomena may aflect the overall valve performance and result
in output inaccuracy.

Improvements in such pressure relief valves are therefore
needed 1n order to create more reliable and accurate pressure
reliet valves.

SUMMARY OF INVENTION

According to a first aspect, the examples described herein
provide a pressure relief valve comprising: a housing having,
a first end and opposite second end and a housing side wall
extending there between; and an inlet port provided at the
first end of the housing; and at least one discharge port
extending through the housing side wall; and a plunger
provided within the interior of the housing; the plunger
being configured to move between a first position wherein
the plunger 1s blocking the at least one discharge port and a
second position wherein the plunger 1s not blocking the at
least one discharge port; and wherein the plunger has a
significantly low diameter to length ratio than 1:2 (prefer-
ably about 1:4).

In some examples, the plunger may extend longitudinally
between a first end and a second end and an outer surface of
the plunger may contact a first internal feature of the valve
housing at a first point at the first end of the plunger and
contact a second internal feature of the valve housing at a
second point at the second end of the plunger. These contact
points may therefore act as guiding points for guiding the
relatively long plunger longitudinally within the housing.

In some examples, the first internal feature may comprise
the mner surface of the valve housing itself.

In some examples, the valve may further comprise a
calibration means provided at 1ts second end and the second
internal feature may comprise a surface of the calibration
means.

In some examples described herein, the calibration means
may comprise a rotatable calibration cap.

According to a second aspect, a pressure relief valve 1s
described comprising: a housing having a longitudinal axis
L, the housing extending between a first end and an opposite
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second end and a housing side wall extending between the
first and second ends; and an inlet port provided at the first
end of the housing; and at least one discharge port extending
through the housing side wall; and a plunger provided within
the interior of the housing; the plunger being configured to
move between a first position wherein the plunger 1s block-
ing the at least one discharge port and a second position
wherein the plunger 1s not blocking the at least one discharge
port; and wherein the at least one discharge port extends at
a first angle that 1s not perpendicular to the longitudinal axis
L, so as to optimise the discharge air flow.

In some examples, the plunger may comprise an outer
surface and the section of the outer surface of the plunger
that blocks the discharge port 1n the first position may extend
at an angle that 1s also not perpendicular to the housing
longitudinal axis.

In some examples, the plunger may comprise an outer
surface and the section of the outer surface of the plunger
that blocks the discharge port 1n the first position extends at
a second angle that 1s inclined relative to the longitudinal
axis L. In some examples, the discharge ports may also
extend at an angle that 1s inclined relative to the longitudinal
axis. The outer surface and the discharge ports may further
incline i the same direction relative to the longitudinal
surface.

In some examples, the first angle (1.e. of the discharge
port) and the second angle (1.¢. of the plunger outer surface)
are at least similar. In some examples, the first and second
angles may be 1dentical.

In some examples, the pressure relief valve may further
comprise a plurality of discharge ports.

In some examples, the pressure relief valve may further
comprise a spring configured to exert force on the plunger,
and an adaptor that 1s shaped and sized so as to provide a
connection between the spring and an outer surface of the
plunger so that pressure provided by the spring 1s transierred
to the plunger in the direction of the at least one discharge
port.

According to a third aspect, a pressure relief valve 1s
described comprising: a housing having a side wall extend-
ing between a first end and an opposite second end of the
housing; and a rotatable calibration cap provided at the
second end of the housing; and an nlet port provided at the
first end of the housing; and at least one discharge port
extending through the housing side wall; and a plunger
provided within the interior of the housing; and a spring
provided around the plunger, the spring being configured to
provide pressure to the plunger in the direction X of the inlet
port; the plunger having a first end and an opposite second
end and being configured to move between a first position
wherein the first end of the plunger 1s blocking the at least
one discharge port and a second position wherein the first
end of the plunger 1s not blocking the at least one discharge
port; and further comprising an anti-rotation washer pro-
vided at the second end of the plunger, the anti-rotation
washer being configured to prevent rotation of the spring
when the calibration cap 1s rotated.

In some examples, the anti-rotation washer may comprise
a plurality of teeth on its outer circumierence as a means of

providing antirotation.
In some examples, a portion of the inner surface of the

housing that contacts the anti-rotation washer in use may

comprise a plurality of grooves, the grooves being shaped
and sized so as to mate with the teeth of the anti-rotation
washer.
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Any of the new examples and aspects of the valves
described herein may be provided 1n any combination within
a single valve or alternatively may be provided separately to
cach other.

A method of manufacturing a pressure relief valve 1s also
described herein comprising: providing a housing having a
first end and opposite second end and a housing side wall
extending there between; and providing an inlet port at the
first end of the housing and providing at least one discharge
port to extend through the housing side wall and providing
a plunger within the interior of the housing; the plunger
being configured to move between a first position wherein
the plunger 1s blocking the at least one discharge port and a
second position wherein the plunger 1s not blocking the at
least one discharge port; and providing the plunger so as to
have a diameter to length ratio of about 1:4.

A method of manufacturing a pressure relief valve com-
prising: providing a housing having a longitudinal axis L,
the housing extending between a first end and an opposite
second end and having a housing side wall extending
between the first and second ends; and providing an inlet
port at the first end of the housing; and fturther providing at
least one discharge port that extends through the housing
side wall; and further providing a plunger within the interior
of the housing; the plunger being configured to move
between a first position wherein the plunger 1s blocking the
at least one discharge port and a second position wherein the
plunger 1s not blocking the at least one discharge port; and
wherein the step of providing the at least one discharge port
comprises forming the at least one discharge port so that 1t
extends through the housing side wall at a first angle that 1s
not perpendicular to the longitudinal axis L.

A method of manufacturing a pressure relief valve com-
prising: providing a housing having a side wall extending,
between a first end and an opposite second end of the
housing; and providing a rotatable calibration cap at the
second end of the housing; and providing an inlet port at the
first end of the housing; and providing at least one discharge
port that extends through the housing side wall; and further
providing a plunger provided within the interior of the
housing; and providing a spring around the plunger, the
spring being configured to provide pressure to the plunger 1n
the direction X of the inlet port; the plunger having a first
end and an opposite second end and being configured to
move between a {first position wherein the first end of the
plunger 1s blocking the at least one discharge port and a
second position wherein the first end of the plunger 1s not
blocking the at least one discharge port; and further com-
prising an anti-rotation washer provided at the second end of
the plunger, the anti-rotation washer being configured to
prevent rotation of the spring when the calibration cap 1s
rotated.

The methods of manufacturing these valves may further
comprise providing any of the additional features of the
valves also described herein, either alone or in combination.

DESCRIPTION OF THE FIGURES

Certain embodiments of the present disclosure will now
be described 1n greater detail by way of example only and
with reference to the accompanying drawings in which:

FIG. 1 depicts a cross-sectional view of a known pressure
reliet valve.

FIG. 2 depicts a cross-sectional view of a new and
improved pressure relief valve, highlighting the contact
points of the plunger.
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FIG. 3 depicts a cross-sectional view of the discharge
section of the valve, and the inclined angles of the exhaust

ports and plunger profile.

FIG. 4 depicts an aenal view of the anti-rotation washer
of FIGS. 2 and 3.

DETAILED DESCRIPTION

The examples described herein with reference to FIGS. 2
to 4 are aimed at overcoming problems associated with
known pressure relief valves. The examples described
herein are able to overcome the disadvantages associated
with known devices wherein, for example, 1naccuracies in
the manufacture of the internal spring lead to the internal
spring generating unwanted side loads onto the plunger
internal surface.

The examples described herein are also able to overcome
problems associated with known devices, discussed below,
relating to the internal airtlow path of the pressure valve and
the way the plunger 1s guided within the valve.

The examples described herein provide a different valve
configuration to known valves. The internal components are
designed to provide: a) better plunger gmidance, b) better
compensation of spring tolerances and ¢) better airtlow path.

A known, standard, pressure relief valve 1 1s shown 1n
FIG. 1. The known valve 1 comprises a main housing 2, a
plunger 12, a spring 13, a calibration cap 15 and a cap-
locking feature 19. The known valve 1 also comprises a
spring plate 17 and discharge ports 16. In use, 1nlet pressure
1s provided at the base 18 of the valve via the inlet port 18
as 1s known 1n the art.

FIG. 2 shows a new type of valve 200 that may be used
in a pressure environment such as an anti-ice valve for an
aircraft. The new type of valve 200 may also be used 1n other
environments and for other uses and 1s not limited to this
particular use or field, however.

The new valve 200 comprises a main housing 100 and a
housing external wall 105 that may be generally cylindrical
in shape both internally and externally. The valve 200
further comprises air discharge ports 20 located so as to
extend from the interior of the housing, through the cylin-
drical wall 105 of the housing 100 and to the exterior of the
housing 100. These discharge ports 20 therefore allow air to
flow from the interior of the housing 100, through the
housing wall 105 and to the exterior of the housing 100. New
and improved features of these discharge ports 20 are further
described below.

The housing 100 may comprise a spring chamber 160 and
a discharge chamber 120, the housing 100 being fitted with
at least one, or a plurality of exhaust ports 20 extending
through the wall 105. An inlet port 30 1s also provided at a
first end 101 of the housing, the inlet port 30 being con-
nected to the process (not shown) to be controlled. In use,
inlet pressure may be provided to the valve 100 via this inlet
port 30.

A plunger 40 1s provided within the housing 100 and 1s
operated by a spring 60, which provides a certain level of
pressure on the plunger 40 in the direction X (1.e. 1n the
direction of the inlet 30 and outlet/exhaust ports 20. The
spring 60 1s provided 1n a first, spring chamber section 160
of the housing, whereas the plunger 60 1s able to extend from
this spring chamber section 160 to a second, discharge
section 120 that lies beyond this spring chamber section 160
as shown i FIG. 2. The discharge/exhaust port(s) are
provided 1n this second discharge section 120. This pressure
on the spring 60 1n the direction X therefore acts to keep the
inlet port 30 shut and 1solated from the exhaust port(s) 20
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until a predetermined pressure value at the inlet port 30 in
the opposite direction Y 1s achieved.

The spring 60 further may operate the plunger 40 via the
use of an adaptor 50. The adaptor 50 may be shaped and
s1ized so as to provide a suitable connection between the
spring 60 and the outer surface of the plunger 40 so that
pressure provided by the spring 1s transferred to the plunger
40 1n the X direction.

The set-point of the position of the plunger 40 within the
housing 100 of the valve 200 may be regulated through the
use of a calibration cap 80 that 1s provided at the end of the
plunger 40 that 1s furthest away from the inlet 30 and
outlet/exhaust ports 20. In some examples, the calibration
cap 80 may be properly threaded so as to provide the desired
level of compression to the spring 60 by simple means of a
rotation of the calibration cap 80.

The calibration cap 80 may further be secured against
undesired rotation by the provision of a locking mechanmism
90, which 1 the example shown 1 FIG. 2 comprises a
ferrule 90. In order to ensure optimised co-axiality, the
calibration cap 80 may be designed to ensure its perfect
centring 1n the valve housing 100. This will enhance align-
ment of the plunger within its two guiding points, 1.€.
leading to lower hysteresis and higher stability.

The calibration cap 80 such as depicted in FIG. 2 may be
generally cylindrical 1n shape with an open end 81 opposite
a closed end 82. The calibration cap 80 therefore may be
somewhat cup shaped with a generally cylindrically shaped
wall 83 extending between the open end 81 and the closed
end 82.

In use, the open end 81 of the calibration cap 80 1s mnserted
into the open end 102 of the valve housing 100 so as to
enclose the plunger 40 within the housing 100. The outer
surface of the wall 83 of the open end of the calibration cap
80 may therefore be shaped and sized relative to the interior
surface 103 of the housing 100 so that the outer surface of
the wall 83 of the calibration cap 80 contacts the interior
surface 103 of the main housing 100 at the housing open end
102. As described herein, the open end of the calibration cap
80 may also contact the plunger at a contact point or points
to act as a guide to the plunger.

In some examples, the valve 200 may also further com-
prise an antirotation washer 70 that prevents the spring 60
from being torqued when calibrating the valve 200. This
may be achieved by the anti-rotation washer 70 being fitted
with one or more external teeth 71 (shown 1n FIG. 4) that
engage correspondingly shaped and sized longitudinal slots
(not shown) 1n the housing 100.

The new and improved features of the valve 200 of FIG.
2 will now be discussed in greater detail with reference to
FIGS. 2 to 4.

The valve depicted 1n FIG. 2 differs from known relief
valves 1n a number of ways. One difference 1s that the
plunger 40 may be provided 1n a length that 1s substantially
longer than known plungers of pressure relief valves and the
plunger 40 may further be guided via internal features of the
valve that are within the housing 100, at certain points 50
and 3502 that are located relatively far apart from each other.

For example, in known valves, the diameter to length ratio
of a plunger would be typically 1:2, whereas in the new
valves described herein, the ratio would be lower than 1:2
and 1n some cases significantly lower (e.g. preferably about
1:4). In the example shown 1n FIG. 2, the relatively longer
plunger 40 extends longitudinally from 1ts first end 32
(closest to the exhaust ports 20) to 1ts second end 51 (closest
to the calibration cap 80) and contacts the inner surface of
the housing 100 at a first internal feature of the housing at

10

15

20

25

30

35

40

45

50

55

60

65

6

a contact point 501 at 1ts first end 52 and contacts a second
internal feature of the valve housing 100 at a second contact
point 502, which 1n this example 1s a surface of the calibra-
tion cap 80 at 1ts second, opposite end, 51. These two contact
points 501, 502 at opposite ends of the plunger 40 therefore
act as guide points for guiding the longer plunger 40 within
the housing 100. These contact points may 1n theory be
between any internal features of the valve housing 100 and
should not be limited to the contact points being between the
valve housing inner surface and a surface of the calibration
cap 80.

This very low diameter-to-length ratio provides for two
advantageous eflects: a) the plunger 1s better aligned with
the assembly and b) the plunger has lower side-loads at the
two friction points. In known devices, such side loads are
normally caused by the unavoidable imperfections of the
spring. Both eflects of this new example therefore lead to
smoother plunger operation, 1.e. higher stability and lower
hysteresis.

A method of manufacturing a pressure reliel valve 200
having these features may therefore comprise providing a
housing 100 having a first end 101 and opposite second end
102 and a housing side wall 105 extending there between;
and providing an inlet port 30 at the first end 101 of the
housing 100; and providing at least one discharge port 20 to
extend through the housing side wall 105; and providing a
plunger 40 within the interior of the housing 100; the
plunger 40 being configured to move between a {irst position
wherein the plunger 1s blocking the at least one discharge
port 20 and a second position wherein the plunger 1s not
blocking the at least one discharge port 20; and providing the
plunger 40 so as to have a diameter to length ratio of 1:4. The
method of manufacture may also comprise also providing
any of the additional features of the valves described herein.

A turther difference between the examples described
herein and known pressure relief valves 1s depicted in FIG.
3 in greater detail. FIG. 3 depicts 1n greater detail the section
of the valve housing 100 that comprises the exhaust/outlet
ports 20. As 1s shown 1 FIG. 1, 1n known valves the exhaust
ports 16 are provided so as to extend 1n a direction P that 1s
approximately perpendicular to the longitudinal axis L of the
housing and/or plunger.

As can be seen 1n FIG. 3, however, 1t has been found that
an enhanced and improved air exhaust port 20 can be
provided by inclining the angle of the exhaust port(s) so that
it extends at an angle that 1s not perpendicular to the
longitudinal L axis of the housing. It has further been found
that this effect may also further be enhanced by also inclin-
ing the angle of the plunger profile at the section of the
plunger that 1s 1 the vicinity of the exhaust port(s) 20. The
angle of the plunger outer surface may also preferably be
similar to, or the same as, the angle of the exhaust port 20
as shown 1n FIG. 3 and may generally extend in the same
direction to each other as shown i FIG. 3.

The plunger profile and discharge ports are therefore
provided so as to extend at inclined angles, as shown 1n FIG.
3. As a smooth air flow from the 1nlet port 30 to the exhaust
port 20 1s key to obtain stable valve behaviour, the discharge
ports 20 are therefore, 1n this way, inclined to facilitate the
air stream, whilst the plunger 40 1s stmilarly profiled 1n order
to “duct” the airtlow to the ports 20. In some examples, a
reduced gap between the plunger 40 and the guiding section
within the housing, will minimise turbulences and undesired
air ngress 1nto the spring chamber 160.

In order to provide a smooth air flow, a greater plurality
of discharge ports than normal may also be provided. This
1s also supported by the relative shape of the profile of the
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plunger 40 which 1s designed to drive the airflow directly
and seamlessly to the discharge ports 20. This results 1n
lower spurious eflects of turbulences, such as instability.

A method of manufacturing a pressure reliet valve 200
having these features may therefore comprise providing a
housing 100 having a longitudinal axis L, the housing
extending between a first end 101 and an opposite second
end 102 and having a housing side wall 105 extending
between the first 101 and second ends 102; and providing an
inlet port 30 at the first end 101 of the housing 100; and
turther providing at least one discharge port 20 that extends
through the housing side wall 105; and further providing a
plunger 40 within the interior of the housing 100; the
plunger 40 being configured to move between a first position
wherein the plunger 1s blocking the at least one discharge
port 20 and a second position wherein the plunger 1s not
blocking the at least one discharge port 20; and wherein the
step of providing the at least one discharge port 20 com-
prises forming the at least one discharge port 20 so that 1t
extends through the housing side wall at a first angle that 1s
not perpendicular to the longitudinal axis L. The method of
manufacture may also include providing any of the other
features of the valves described herein, either alone or in
combination.

A further difference that the examples described herein
may have, that 1s not known in standard pressure relief
valves 1s a new type ol anti-rotation washer 70, which 1s
depicted 1n more detail in FIG. 4.

For example, the pressure relietf valve 200 may comprise
a housing 100 as described above, with a side wall, the
housing side wall 105 extending between a first end 101 and
an opposite second end 102 of the housing. As can be seen
in FIGS. 2 and 4, the valve may also comprise a rotatable
calibration cap 80 at the valve housing second end. The
calibration cap 80 may be associated with the plunger 40 and
spring 60 so that rotation of the calibration cap 80 provides
pressure onto the spring 60 and therefore plunger 40 in the
direction X so as to allow for the calibration of the set point
of the plunger 40 within the housing. The inlet port 30 1s
provided at the first end 101 of the housing 100 and the
discharge port or ports 20 extend through the housing side
wall 105 as described above, to allow air to be expelled from
the interior of the housing. The plunger 40 1s also provided
within the interior of the housing and extends between the
plunger chamber 160 and the discharge chamber 120 as also
described above. The spring may be provided around the
section ol the outer circumierence of the plunger that
extends within the plunger chamber 160 and 1n use the
spring 1s configured to provide pressure to the plunger 1n the
direction X of the inlet port 30. The plunger 40 1s therefore
configured to move between a first position wherein the first
end 52 of the plunger 1s blocking the at least one discharge
port 20 and a second position wherein the first end 52 of the
plunger 1s not blocking the at least one discharge port 20.

In the particular examples wherein the valve comprises an
anti-rotation washer 70, this would be provided at the second
end 51 of the plunger 40 and the anti-rotation washer 70 1s
configured to prevent rotation of the spring 60 when the
calibration cap 80 1s rotated. In some examples, and as
described above, this may be achueved due to the fact that the
anti-rotation washer 70 comprises one tooth or a plurality of
teeth 71 on its outer circumierence. In some other examples,
an inner surface 103 of the housing comprises a plurality of
grooves, the grooves being shaped and sized so as to
compliment the size and shape of the teeth so that they mate
with the teeth and provide anti-rotation.
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The anti-rotation washer may eliminate any torque loads
on the spring 60 that may possibly be induced by the
calibration cap 80 as the cap 80 1s rotated during calibration.
In standard valves without this anti-rotation washer 70 such
torque loads are spurious and uncontrolled and may result in
difliculties upon calibration and/or valve drift during opera-
tions.

As described above, the anti-rotation washer 70 may
comprise one or more external teeth 71 as shown 1n FIG. 4,
that will engage one or more corresponding longitudinal
slots 1n the interior surface 103 of the housing 100.

A method of manufacturing a pressure relief valve 200
having this feature may comprise: providing a housing 100
having a side wall 105 extending between a first end 101 and
an opposite second end 102 of the housing 100; and pro-
viding a rotatable calibration cap 80 at the second end 102
of the housing 100; and providing an inlet port 30 at the first
end 101 of the housing 100; and providing at least one
discharge port 20 that extends through the housing side wall
105; and further providing a plunger 40 provided within the
interior of the housing 100; and providing a spring 60 around
the plunger 40, the spring 60 being configured to provide
pressure to the plunger 40 1n the direction X of the inlet port
30; the plunger 40 having a first end 32 and an opposite
second end 51 and being configured to move between a first
position wherein the first end 52 of the plunger 40 1s
blocking the at least one discharge port 20 and a second
position wherein the first end 32 of the plunger 1s not
blocking the at least one discharge port 20; and further
comprising an anti-rotation washer 70 provided at the sec-
ond end 51 of the plunger 40, the anti-rotation washer 70
being configured to prevent rotation of the spring 60 when
the calibration cap 80 1s rotated. The method of manufacture

may also include providing any of the other features of the
valves described herein, either alone or in combination.

The mvention claimed 1s:

1. A pressure relief valve comprising:

a housing having a first end and opposite second end and
a housing side wall extending there between; and

an 1nlet port provided at said first end of said housing; and

at least one discharge port extending through said housing,
side wall;

a plunger provided within the interior of said housing;
said plunger movable 1n the housing between a first
position wherein said plunger 1s blocking said at least
one discharge port and a second position wherein said
plunger 1s not blocking said at least one discharge port;

a rotatable calibration cap provided at said second end of
said housing; and

a spring provided around said plunger, said spring pro-
viding pressure to said plunger 1n a direction X of said
inlet port;

wherein said plunger has a first end and an opposite
second end and 1s movable between said {first position
wherein said first end of said plunger 1s blocking said
at least one discharge port and said second position
wherein said first end of said plunger 1s not blocking
said at least one discharge port;

further comprising an anti-rotation washer provided at
saild second end of said plunger, said anti-rotation
washer preventing rotation of said spring when said
calibration cap 1s rotated; and

wherein said anti-rotation washer comprises one tooth or
a plurality of teeth on an outer circumierence of the
anti-rotation washer.

2. The pressure relief valve of claim 1, wherein said

plunger has a diameter to length ratio of lower than 1:2.
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3. The pressure relief valve of claim 1, wherein the
plunger has a diameter ratio of 1:4.

4. The pressure relief valve of claim 1, wherein:

said plunger extends longitudinally between a first end

and a second end; and
an outer surface of said plunger contacts a first internal
feature of said valve housing at a first point at said {first
end of said plunger and contacts a second internal
feature of said valve housing at a second point at said
second end of said plunger.
5. The pressure relief valve of claim 1, wherein the valve
has a longitudinal axis L extending between said first end
and said opposite second end,
wherein said at least one discharge port extends at a first
angle that 1s not perpendicular to said longitudinal axis
L.

6. The pressure relief valve of claim 5 wherein,

said plunger comprises an outer surface and wherein a
section of said plunger that blocks said discharge port
in said first position extends at a second angle to said
longitudinal axis L.

7. The pressure relief valve of claim 6, wherein said first
angle and said second angle are substantially identical.

8. The pressure relief valve of claim 1, wherein an inner
surface of said housing comprises a groove or a plurality of
grooves, said grooves being shaped and sized so as to mate
with said tooth or teeth of said anti-rotation washer.

9. A method of manufacturing a pressure relief valve
comprising:

providing a housing having a first end and an opposite

second end and a housing side wall extending there
between; and

providing an inlet port at said first end of said housing;

and

providing at least one discharge port to extend through

said housing side wall;
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providing a plunger within the interior of said housing;
said plunger movable between a first position wherein
said plunger 1s blocking said at least one discharge port
and a second position wherein said plunger 1s not
blocking said at least one discharge port;

providing a rotatable calibration cap at said second end of

said housing; and

providing a spring associated with said plunger, said

spring providing pressure to said plunger in the direc-
tion X of said inlet port;

said plunger having a first end and an opposite second end

and being movable between a first position wherein
said first end of said plunger 1s blocking said at least
one discharge port and a second position wherein said
first end of said plunger 1s not blocking said at least one
discharge port; and further comprising an anti-rotation
washer provided at said second end of said plunger,
said anti-rotation washer preventing rotation of said
spring when said calibration cap 1s rotated;

wherein said anti-rotation washer comprises one tooth or

a plurality of teeth on an outer circumierence of the
anti-rotation washer.

10. The method of claim 9, further comprising providing
said plunger so as to have a diameter to length ratio of less
than 1:4.

11. The method of claim 9, wherein said diameter to
length ratio 1s 1:4.

12. The method of claim 9, wherein said housing has a
longitudinal axis, and wherein said step of providing said at
least one discharge port comprises forming said at least one
discharge port so that 1t extends through the housing side
wall at a first angle that 1s not perpendicular to said longi-
tudinal axis L.
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